ABSTRACT: Jellyfish play a key role in many pelagic ecosystems, especially in areas of extensive bloom events. In order to understand their role in pelagic food webs and in biogeochemical cycling, the energy stored and the trophic level occupied by jellyfish need to be quantified. To date, the common protocols applied for quantifying jellyfish biomass and analyzing its biochemical composition have been the same as for crustacean zooplankton, despite the difference in the body composition of the 2 groups. With the goal of establishing a uniform and reliable protocol for assessing jellyfish biomass, elemental, stable isotope and amino acid pool composition, we compared several methods commonly used in zooplankton ecology. Our results show that jellyfish dry mass varied with ambient salinity changes, thus giving a poor representation of jellyfish biomass. Moreover, the content of organic matter determined as ash free dry mass was overestimated; it was on average 2.2 times higher when compared to the mass of the retained material after dialysis. Furthermore, we demonstrated that during oven-drying at 60°C the protein-rich jellyfish tissue underwent significant changes: samples were (1) depleted in elemental C and N and total amino acid pool and (2) enriched in 15 N, when compared to freeze-dried samples. We therefore suggest that freeze-drying should be selected over oven-drying before isotope and total amino acid analysis is applied. Overall, the results of this study suggest that the methods used to assess jellyfish biochemical composition should be carefully chosen.
INTRODUCTION
Jellyfish (here considered as Phylum Cnidaria, Class Scyphozoa) are ubiquitous components of pelagic marine ecosystems, and marked changes in their population size can be seen as a natural feature of healthy pelagic ecosystems (Graham et al. 2001) . The combined effects of multiple anthropogenic stressors and/or climate change (Molinero et al. 2008 , Richardson et al. 2009 , Purcell 2012 ) may disturb the natural oscillations of jellyfish blooming (Condon et al. 2013 ), leading to a significant increase in jellyfish populations in some coastal areas and large marine ecosystems (Kogovšek et al. 2010 , Brotz et al. 2012 ).
In such pelagic ecosystems the role of jellyfish becomes more important, shifting energy from fish to jellyfish (Uye 2011) . As voracious predators they compete with fish for food (Purcell & Arai 2001) , and through predation on fish eggs (Gordoa et al. 2013) and fish larvae (Purcell & Arai 2001 , Sabatés et al. 2010 ) jellyfish could even impede the recovery of fish stocks in heavily exploited marine ecosystems (Lynam et al. 2006) . Furthermore, jellyfish populations can bloom in a relatively short period of time and can attain enormous biomasses. After the decline of such populations, organic material released into the water column from the decomposing jellyfish tissue promote a microbially dominated food web (Con-don et al. 2011 , Tinta et al. 2012 , thus altering ecosystem diversity and function. Large accumulations of jellyfish carcasses at the sea bed are an important source of labile organic material for a wide spectrum of benthic macroorganisms (for a review see Lebrato et al. 2012) . Nevertheless, the unconsumed jellyfish material is decomposed by microbes, and oxygen consumption together with remineralization products that accompany the decomposition may further impact the benthic biota (Billett et al. 2006 , West et al. 2009 , Lebrato et al. 2012 .
In order to understand the role of jellyfish in marine food webs and in biogeochemical cycling, especially in regions with increasing jellyfish bloom events, the energy stored and the trophic level occupied by jellyfish need to be quantified. The pattern of energy flows and the efficiency of mass transfer through the food web are reflected in the ratios of biomass between different trophic levels, usually expressed as dry mass or carbon (C) and nitrogen (N) content. Due to the patchy distribution of jellyfish and a lack of suitable sampling techniques (Purcell 2009) , it is difficult to estimate their biomass, therefore jellyfish were often neglected in previous studies of trophic interactions and were rarely included in ecosystem models (Pauly et al. 2009 ). The recent development of new techniques to assess jellyfish abundance/biomass such as hydroacoustics (Alvarez Colombo et al. 2009 ), aerial observations (Houghton et al. 2006 ) and routine fishery surveys (assessing jellyfish abundance as by-catch) (Brodeur et al. 2008 ) have enabled development of time series of the seasonal and spatial distribution of jellyfish biomass and abundance. Nevertheless, very often in ecological models the role of gelatinous organisms in the food web is simplified, considered as a single functional 'jellyfish' group, assumed to have the same diet and to occupy the same trophic level (Pauly et al. 2009 ). In the near future, this problem might be overcome by an increasing number of studies that apply stable isotopes for analysing the role of gelatinous plankton in planktonic food chains (see Pitt et al. 2009a for a review, Cardona et al. 2012 , Syväranta et al. 2012 , D'Ambra et al. 2013a .
Despite the fact that numerous data on jellyfish body elemental composition exist (compiled in Lucas et al. 2011) , reliable and uniform protocols for jellyfish sample processing are not established. Until very recently the methodology for sample processing and biomass estimation for jellyfish was the same as that for crustacean zooplankton, despite the difference in biochemical composition between the 2 groups. The jellyfish body contains high water and low organic content compared to crustacean plankton. Moreover, dried jellyfish samples contain a large amount of salts in relation to their organic content. Dry mass (DM) and ash free dry mass (AFDM) of jellyfish vary in relation to ambient salinity (Hirst & Lucas 1998) . Additionally, the residual water bound in dry jellyfish material gives an overestimation of organic material and ash content (Larson 1986 ). Thus, DM and AFDM offer a poor representation of jellyfish biomass. Most commonly, dry mass is determined by drying the material at 60°C until constant mass (Harris et al. 2000) . The effect of the prolonged exposure of protein-rich jellyfish tissue (Quensen et al. 1981 , Malej et al. 1993 , Lucas 1994 , Pitt et al. 2009b ) to elevated temperatures is unknown. Omori (1978) showed a slight loss of organic matter in 4 zooplankton species (a chaetognath Sagitta nagae and 3 copepods species Calanus sinicus, Pleuromamma xiphias and Acartia tonsa) during oven-drying at 60°C until constant mass, interpreting it as volatilization of some lipids and amines, as well as the denaturing of proteins. Furthermore, preservation methods and processing might modify the stable isotope composition of the samples. Several studies demonstrated that freezing, the most commonly used method for sample preservation, does not affect stable nitrogen and carbon isotopes values in fish, octopus, anemone, bivalves, kelp and algae (Kaehler & Pakhomov 2001 , Carabel et al. 2009 ). However, the opposite was suggested by Fleming et al. (2011) in the case of gelatinous plankton: while freezing did not affect δ 13 C, the prolonged storage of frozen Aurelia aurita medusae resulted in the enrichment in 15 N. Preservation in ethanol affected the δ 15 N in some species of invertebrates (Carabel et al. 2009 , Fleming et al. 2011 , while there was no significant change in nitrogen isotope ratio in fish, octopus and kelp (Kaehler & Pakhomov 2001) . In addition to preservation techniques, sample processing might also alter sample stable isotope ratios. For example, dehydration of samples leads to enrichment in 15 N in oven-dried compared to freeze-dried samples (Carabel et al. 2006 ). Furthermore, lipids are known to be depleted in 13 C (DeNiro & Epstein 1978) and chemical extraction of lipids prior to analysis might be required to account for variable lipid content in tissues (e.g. Syväranta & Rautio 2010 , D'Ambra et al. 2013b ). Together, these observations indicate that the effect of sample processing on biochemical composition is taxon specific.
The main objective of our study was to establish a reliable and uniform protocol for the determination of jellyfish biomass (dry mass, ash free dry mass) and biochemical composition. In order to achieve this, several methods commonly used in zooplankton ecology as well as to determine jellyfish biomass, elemental, stable isotope and amino acid pool composition were compared and assessed. We introduce a new desalination method into jellyfish sample processing. Finally, we propose a pre-analytical processing protocol for jellyfish according to selected analysis.
MATERIALS AND METHODS
In order to establish a suitable protocol for the biochemical analysis of gelatinous organisms, several individual sample processing steps were examined. Apart from conventional methods used for zooplankton analysis, some alternatives were proposed. Fig. 1 shows a schematic representation of each individual step.
Jellyfish homogenate (Step 1). Medusae were collected seasonally in coastal waters from a boat or a pier. The organisms were deposited in a plastic container filled with ambient water and stored at a shaded place. The jellyfish were transported to the laboratory within 1 h after collection. Bell diameter (to 1 mm accuracy) and wet mass (to 1 g accuracy) were determined before storing specimens at −30°C (each medusa separately in a plastic zip-lock bag). Chrysaora hysoscella, Pelagia noctiluca and Rhizostoma pulmo medusae (3 to 5 medusae per species) with an average wet mass (± SD) of 464 g (±487), 534 g (±186) and 2881 g (±1407), respectively, were homogenized using an Ultra-Turrax TP 18/10 mechanical homogenizer (Janke & Kunkel). Each homogenate was divided into 2 sub-samples of the same wet mass and dried (see Step 2). The organic content in Aurelia aurita was relatively low compared to other species investigated in this study; therefore, the homogenate was not divided into sub-samples. Instead, 10 medusae of similar wet mass (43 ± 21 g) were unfrozen before they were homogenized individually and the whole volume of each sample was processed and used for further analysis. In order to compare medusae biochemical composition on a higher taxonomic level, individuals of Hydromedusae Aequorea forskalea were collected (41 ± 23 g, n = 34) in addition to 4 scyphozoan jellyfish.
Drying (Step 2). One set of homogenate sub-samples (see Step 1) was poured into pre-weighed aluminium containers and oven dried (OD) at 60°C until constant mass (Step 2a). The time required to reach the constant weight was 4 to 7 d. The OD samples were cooled to room temperature in a desiccator and weighed twice per day. The other set of sub-samples was stored at −30°C until freeze-drying (FD samples,
Step 2b). The samples were dry after 7 d. Dry mass was determined (to 0.01 g accuracy) for each set of sub-samples (from Steps 2a and 2b), calculated and expressed as the total dry mass of the specimen. Afterwards the dried material was homogenized with an agate mortar and pestle and stored in plastic vials at −30°C until further analysis.
Organic content (Step 3). Jellyfish dried material was either combusted in an oven at 500°C for 4 h to determine AFDM, according to the standard protocol for zooplankton (Harris et al. 2000) (Step 3a), or desalted and freeze-dried again (Step 3b). Desalting by membrane dialysis is commonly used in bio chemistry when salt ions in the sample interfere with the analyses (e.g. Zhou et al. 1998 , Engel & Händel 2011 ) were determined in these water samples according to standard colorimetric methods (Grasshoff et al. 1983 ) and their modifications (Grasshoff et al. 1999 ). An empty dialyzing tube submerged in 200 ml of MilliQ water was used as control. The control values were subtracted from the samples dialysate values before N mass budget was calculated. In order to develop an adequate protocol, additional medusae were freeze-dried and dialysed, after the testing period, to increase the number of data.
Biochemical analyses. Biochemical composition was determined in jellyfish dry homogenate before (Steps 2a and 2b) and after dialysis (Step 3a) as presented in Fig. 1 . Elemental composition of carbon (C), nitrogen (N), hydrogen (H) and sulphur (S) was determined in 5 to 7 mg of dried material after combustion at 1150°C (Elementar, Vario Micro Cube elemental analyzer) with 0.1% accuracy. The results were expressed as the relative amount of individual element per sample. Water of hydration was calculated in accordance with Madin et al. (1981) : hydrogen in the bound water was estimated as the difference between the amount of hydrogen measured by elemental analysis and the value calculated as 20% of the carbon value. Fourier-transform infrared (FT-IR) spectro metry analyses were performed on FD dialysed and non-dialysed samples on a Perkin-Elmer Spectrum One spectrometer with a diffuse reflectance sampling accessory. Samples were diluted with anhydrous KBr to 10% final concentration and subsequently filled in a micro-cup accessory. Spectra were scanned 10 times with a resolution of 4 cm −1 in a frequency range of 4000 to 450 cm −1 at room temperature. Subsequently, the ratio of absorption of N-H scissoring at 1635 cm −1 and absorption of S-O at 1120 cm −1 was calculated for comparison between jellyfish species. A chromatographic method was used on a homogenized subsample hydrolyzed for 72 h at 110°C in 200 µl 6 N HCI/1% phenol for total amino acid analysis (Molecular Structure Facility, UC Davis). The results were calculated and expressed as µg of amino acid per mg of dry mass. Stable isotope analysis was performed in commercial laboratories (Stable Isotope Faculty, UC Davis; and Iso-Analytical Limited). Values were expressed as ‰ relative to international standards PDB (PeeDee Belemnite) for C, air for N and Cañon Diablo triolite for S. The precision for internal standards was always better than 0.1, 0.3 and 0.2 ‰ for C, N and S, respectively.
Statistical analysis. A 1-way ANOVA was performed to determine the significant differences in biochemical composition between the treatments and between species, followed by Tukey's post hoc comparisons test in the case of significant differences. Relative amounts of C, N and S content were arcsine transformed before ANOVA was applied. When data did not fulfil the requirements of ANOVA, a Kruskal-Wallis test was used. The values of the investigated parameters were expressed as averages with standard deviations given in brackets.
RESULTS

Oven-drying vs. freeze-drying -the effect on biochemical composition (Steps 2a and 2b)
The dry mass and the elemental composition of the freeze-dried (FD) samples were higher than those of the oven-dried (OD) samples (Table 1) . Despite the significant difference in C and N content between the treatments observed for all species (KruskalWallis test, p < 0.05), except for Chrysaora hysoscella, the drying method had no effect on the C/N molar ratio. C and N content differed among species (Table 1 , see also Table 3 ). The lowest values were determined for Aurelia aurita and the highest for Rhizostoma pulmo (ANOVA, p < 0.01 for the FD samples). C. hysoscella and Pelagia noctiluca had similar C and N content. The C/N molar ratio differed between species and was between 4 and 5. The average S content of medusae was between 1.5 and 2.7% (Table 1) , being higher for A. aurita and R. pulmo. For A. aurita the relative S content was higher than C content. The high S detected in dried jellyfish homogenate might be due to sulphur incorporated in salts (sulphates) from medusae mesoglea in addition to tissue organic sulphur.
Total amino acid (AA) pool composition of the Scyphomedusae was in accordance with previously reported values (Webb et al. 1972 , Quensen et al. 1981 , Malej et al. 1993 , Krishnan & Perumal 2013 . Glycine (Gly), glutamic acid (Glx), aspartic acid (Asx), lysine (Lys) and arginine (Arg) were the most abundant AA per unit of dry mass, representing more than 50% of the total AA pool. Total AA pool composition did not differ significantly between the species. The effect of drying methods on total AA pool composition reflected a similar pattern among different species of Scyphomedusae (Table 2 ) -the OD samples were depleted in total AA compared to the FD samples. However, due to the high variability, the difference in total AA pool between the 2 treatments was not significant except for Glx, alanine (Ala), tyrosine (Tyr), phenylalanine (Phe), Lys and Arg for R. pulmo (Kruskal-Wallis test, p < 0.05).
Dialysis vs. ash free dry mass (Steps 3a and 3b)
In gelatinous organisms, salts represent a significant amount of dry mass with only a small contribution made by organic matter. To remove salts from dried jellyfish, sub-samples of dried homogenate were dialysed. In order to test this new approach, the organic matter mass of the same FD samples was determined using each method (Step 3a and Step 3b).
The mass of organic matter as AFDM in medusae was higher than the dry mass of the dialysed material (>1 kDa) in all 61 analysed samples. On average, the AFDM was 2.2 (± 0.6) times higher than the mass of the dialysed jellyfish material. This ratio differed between species, with the highest ratio of 2.6 (± 0.7) calculated for A. aurita and the lowest for R. pulmo (1.9 [± 0.5]). Nevertheless, when the organic content was determined using both methods and it was standardized per unit of dry mass, a significant linear relationship between the 2 parameters was observed (Fig. 2) .
The difference between the amount of hydrogen (H) determined by elemental analysis and the amount calculated as 20% of C content (Larson 1986 ) was used to estimate the excess water in the samples. The H content in the dialysed jellyfish material, determined by elemental analysis, ranged from 4.8 to 7.5% (Fig. 3a) . The measured H content was on average higher than that calculated as 20% of C content. The ratio between measured and calculated H was 2.1 (± 0.9) for A. aurita medusae, while for C. hysoscella, P. noctiluca and for R. pulmo it was close to one (1.1 [± 0.2], 1.0 [± 0.1] and 0.9 [± 0.1], respectively). The measured amount of H increased linearly with the increasing amount of C (slope 0.06 and intersection 4.30; r 2 = 0.60), while the difference between the measured and calculated amount of H in jellyfish decreased with the increasing amount of C in the samples (slope −0.14 and intersection 4.30; r 2 = 0.90). Similarly, the relative abundance of S de creased with the increasing C content (slope −0.30 and intersection 14.25; r 2 = 0.94) and increased with the increasing difference between measured and calculated H (Fig. 3b) . This suggests that dialysis had not removed the entire inorganic S and that the surplus of the H content measured was probably bound in hydrated sulphate or other salts. FT-IR analysis con firmed the presence of sulphate showing strong bands at 1000−1200 cm −1 , which is characteristic for the vibra- , characteristic for sulphate) was plotted against the molar C/S and the molar N/S ratios (Fig. 4) , it showed the difference in biochemical composition between the species and the treatment (dialysed vs. non-dialysed): C. hyso s cella, P. noctiluca and R. pulmo grouped together with similar A N-H /A S-O ratio and N/S and C/S molar ratios, while A. aurita had lower C/S and N/S ratios indicating low organic (i.e. C and N) and high inorganic S content. The elemental com position of A. aurita was similar to that of the Hydromedusae Aequorea forskalea rather than the other Scyphomedusae investigated (Table 3) . After dialysis, the C/S and N/S molar ratios increased in all samples. For all Scyphomedusae species, the A N-H /A S-O ratio decreased in dialysed samples (Fig. 4, filled  symbols) . This is probably due to the higher content of organic matter in dialysed samples indicated by higher %C (Table 3) , which is reflected in the higher absorption of C-O bond vibration present in proteins (Barth 2007) . Nevertheless, the biochemical composition of the dialysed A. aurita and A. forskalea samples was more similar to non-dialysed rather than dialysed C. hysoscella, P. noctiluca and R. pulmo. According to elemental analysis, C and N content for dialysed A. aurita, simi lar to the Hydro medusae A. forskalea, was significantly lower in C and N content compared to C. hysoscella, P. noctiluca and R. pulmo (ANOVA, p < 0.001) ( Table 3) . Among the dialysed samples R. pulmo had the highest organic content (ANOVA, p < 0.001 and p < 0.05 for N and C, respectively) (Table 3) with the highest C/S and N/S molar ratios.
On the basis of these results we speculate that dialysis had not removed sulphate completely. Our speculation was further supported by the difference in elemental composition among A. aurita collected in environments with different salinity: 17, 35 and 38 (the Black Sea, the , respectively) and were not considered in the calculation of N mass budget. Since the dried jellyfish material was diluted in pre-filtered sea water before being dialysed (Step 3b), the values of total nitrogen (N tot ) and ammonium (NH 4 + ) measured in the control (7.94 and 1.19 µmol l (Table 5) .
Nitrogen in NH 4 + represented < 30% of N tot in the dialysate. In the OD samples there was more NH 4 + compared to the FD samples, except in the case of A. aurita. The values ranged between 5.8% (± 0.2) in R. pulmo and 17.4% (± 6.5) in C. hysoscella in FD samples while the values for the OD samples were the lowest for Aurelia (9.8% [± 3.3]) compared to 27.5% (±13.4) for the OD C. hysoscella. The N loss during dialysis was the highest in the FD C. hysoscella and R. pulmo samples (Table 5 ) and it represented < 0.3% of N tot in the sample. Along with the significant differences in medusae elemental composition (Table 1) between the OD and the FD treatments, also the stable isotope composition of non-dialysed OD samples differed from the FD samples for some species. There was no significant difference between the treatments with respect to the δ 13 C ratio of non-dialysed samples (Table 6) . On the other hand, the δ 15 N values were significantly different for R. pulmo and P. noctiluca (ANOVA, p < 0.01) between the 2 treatments, with the OD samples enriched in 15 N. After dialysis, δ 13 C composition did not significantly change in either the OD or the FD samples, except for P. noctiluca (Table 6) . Conversely, δ 15 N significantly increased in dialysed compared to non-dialysed samples for A. aurita (ANOVA, p < 0.001 for the OD, p < 0.01 for the FD samples) while no significant effect on δ 15 N after dialysis was observed for the other 3 species. Comparing dialysed OD to dialysed FD samples, no significant difference in δ 15 N (and δ 13 C) isotope composition was observed for any of the species.
DISCUSSION
The majority of the medusa body is composed of mesoglea, a very well hydrated extracellular matrix enveloped by 2 thin layers of tissue: ectodermal and endodermal. Approximately 96% of their body volume is composed of water, with ~40% of it as extracellular fluid (Wright & Purcell 1997) . Jellyfish are osmoconformers in their ambient salinity range, therefore the mesogleal extracellular fluid is in osmolar balance with the surrounding seawater (Mills & Vogt 1984 , Wright & Purcell 1997 . Three major components of medusae (water, salt, and a low organic content compared to their volume) distinguish them from crustacean zooplankton. Despite this, the common protocols for biomass estimation and sample processing for biochemical analysis still follow procedures established for crustacean zooplankton.
Zooplankton biomass is most commonly expressed as DM or AFDM. However, several studies indicate that these are poor indicators for gelatinous organisms for at least 2 reasons: (1) biomass varies in relation to ambient salinity (Schneider 1988 , Hirst & Lucas 1998 , and (2) the residual water that is bound in DM and AFDM samples leads to the overestimation of jellyfish organic biomass (Larson 1986 ). Desalting by membrane dialysis was previously used in marine biochemistry (e.g. Zhou et al. 1998, Engel (Table 5 ) and the C/N ratio remained in the same range as before dialysis (Tables 3 & 4) . AFDM was on average 2.2-fold higher when compared with the dialysed jellyfish material, but the standardised AFDM to mass of dialysed jellyfish material relationship was linear (Fig. 2) . We therefore concluded that the reduction of the mass during dialysis was due to the inorganic component of the jellyfish dry mass. In this study we used S as a proxy to follow the efficiency of the salts' removal. After dialysis, the C content in jellyfish material increased significantly and was in the lower range of the C content for some non-gelatinous organisms such as copepods (32.2−67.5% C, summarized in Harris et al. 2000) . Nevertheless, the S content in the samples was still relatively high compared to C (Tables 3 & 4) . Organic S content in some invertebrates (bivalves and gastropods) was reported to be 1.4% of DM (Vetter 1985) , forming organic substances such as sulphur amino acids, mucopolysaccharides and sulpholipids. The values exceeding the values of tissue organic S determined in our study is probably due to inorganic S bound as sulphate. We hypothesize that sulphate ions might form covalent bonds with surface-active polysaccharides (Zhou et al. 1998) Table 6 . Stable isotope ratios of carbon (δ 13 C) and nitrogen (δ 15 N) composition of oven-dried (OD) and freeze-dried (FD) Scyphomedusae. Dial: dialysed samples. Means (SD) of 3 samples per species per treatment. Significant differences in stable isotope composition between the 2 drying treatments are given in the p column. Significant differences between dialysed and non-dialysed samples are marked next to the values for dialysed samples. *p < 0.05, **p < 0.01, ***p < 0.001, ns: non significant Table 4 . Elemental composition (mean [SD] of C, N and S) of Aurelia aurita medusae collected at different ambient salinities: 38, 35 and 17. C/N: C/N molar ratio; n: number of samples. Significant difference in elemental composition between medusae sampled at different salinities: **p < 0.01, ***p < 0.001; ns: non significant ions (Robertson 1949 , Bidigare & Biggs 1980 , Mills & Vogt 1984 . The amount of sulphate determined in jellyfish mesoglea is lower than that of the ambient seawater (Bidigare & Biggs 1980 , Mills & Vogt 1984 , Newton & Potts 1993 , Wright & Purcell 1997 ) and differs according to Scyphomedusae species. For example, in the Scyphomedusa Chrysaora quinquecirrha the amount of sulphate represents between 66 and 70% of seawater levels in the salinity range of 12 to 20 (Wright & Purcell 1997) . Newton & Potts (1993) reported mesogleal sulphate levels of 40% and 52% of seawater levels in Cyanea capillata and Rhizostoma pulmo, respectively. A similar value was obtained for Aurelia aurita sulphate, that is 47% lower than in the surrounding water (Robertson 1949) . Similar to the sulphate ion, concentrations of other ions in the mesoglea -such as magnesium, sodium, calcium and potassium -differ between jellyfish (Mills & Vogt 1984) . The difference in salt content, together with the difference in biochemical composition have a significant effect on the salt to organic matter ratio in dry jellyfish biomass. Our results confirmed that the AFDM to dialysed jellyfish material mass ratio differs among the 4 species of Scyphomedusae. The difference between measured and calculated H content increased with increasing S content in dialysed medusae material. This confirms that the jellyfish biomass with higher sulphate content has a greater amount of water bound as hydrated salts. The AFDM of the species with higher salt content in their dried material would be higher due to the greater water content bound in hydrated salts that is combusted together with the organic matter. This results in the difference of the AFDM to dialysed jellyfish material ratio among the 4 species. This ratio was >1 in all analysed samples. Since there was no major loss of organic material during dialysis, we think that the AFDM gives an overestimated value of organic content in jellyfish. AFDM is calculated as the difference between DM and the mass of the ash that remains after combustion of the samples at 500°C. Besides the organic matter, the water bound in the inorganic part of the jellyfish dry mass in the form of hydrated salts is also lost during combustion (Larson 1986 ). The organic matter content calculated as AFDM is therefore overestimated and the overestimation is higher for the species with higher inorganic content in their dry mass. Indeed, in our study the error due to the overestimation of organic matter determined as AFDM was higher in A. aurita compared to the other species. Furthermore, higher S content and low C and N content in A. aurita dry and dialysed material was observed, indicating that this species' dry material is particularly rich in salts and depleted in organic material compared to medusae of other species. The estimated organic content of A. aurita sampled at different salinities varied, with medusae sampled at lower ambient salinity being enriched in C and N content compared to medusae from higher ambient salinity. Nevertheless, the amount of C and N in dialysed material did not differ significantly, confirming the observations from previous studies that DM and ash mass (AM) of medusae increase with increasing salinities (Schneider 1988 , Hirst & Lucas 1998 ). Very often, conversions such as WM to DM, WM to elemental C and N or DM to elemental C and N are used when quantifying elemental and energy flows of jellyfish in marine food webs. In the present study we confirmed that biomass in terms of dry mass and organic content expressed as organic content (AFDM) and C content vary with ambient salinity. Similar to the study by Hirst & Lucas (1998) , the DM as % of WM changed by ~1% per 10 salinity units: from, on average, 1.8 (± 0.1) %WM at a salinity of 17 to 3.5 (± 0.7) %WM at salinity 38. The difference in relative C content was even higher (3.2% [± 0.5] and 1.1% [± 0.3], respectively). Therefore, we suggest that when conversions to quantify the biomass of gelatinous organisms are made, the ambient salinity should be considered.
To the best of our knowledge, there have been only a few investigations into the effect of drying on the biochemical composition of planktonic organisms (e.g. Omori 1978 , Carabel et al. 2006 . Along with the significant difference in the elemental composition between the OD and the FD samples, detailed investigation revealed changes in the composition of the jellyfish amino acid (AA) pool, and changes in stable δ 15 N nitrogen isotope composition. The total jellyfish AA pool composition in our study did not differ among the species. Despite this similarity in average total AA pool composition, the effect of different drying procedures on total AA pool composition varied among species. During heating to up to 120°C, most AA remained stable (Weder & Sohns 1983) ; therefore, the changes in AA pool composition detected in our study may be due to the microbial degradation of jellyfish organic matter, occurring due to non-sterile conditions during our experiment. The excreted NH 4 + is probably produced by microbes in the ammonification process (conversion of organic nitrogen back to NH 4 + by microbes) and lost during oven-drying. Preferential retention of N of bulk tissue in C. hysoscella, P. noctiluca and R. pulmo. Therefore, even partial changes in the total AA pool during sample preparation can have a significant impact on the δ 15 N composition of jellyfish tissue. Previous studies revealed that preservation methods and processing might modify the stable isotope composition of the samples (Carabel et al. 2009 , Fleming et al. 2011 . It is important to emphasize that, in our study, the impact of preservation methods on jellyfish biochemical composition was not tested. However, because subsamples of the same organism were processed separately, the possible change in stable N composition due to storage was uniform among the 2 drying treatments and did not affect the results of our study.
Stable nitrogen and carbon isotopes are often used as biomarkers in ecological studies to trace the source and fate of organic matter along food webs. The nitrogen isotopic composition (δ 15 N) of organic material tends to increase from food source to consumer and therefore has been widely used to identify the trophic levels of organisms and their food (Peterson & Fry 1987) . On the other hand, the isotopic composition of a consumer reflects the bulk stable carbon isotope composition (δ 13 C) of the food source (Peterson & Fry 1987 ). When organic matter from different sources shares similar isotopic values, additional elements are useful to determine its source. Stable sulphur isotopes were used to distinguish the benthic− pelagic prey contribution to the bulk composition of a predator (Connolly et al. 2004 ). Our study revealed that jellyfish dry material contains a relatively high amount of sulphate. Therefore, its isotopic value might alter the δ Rees at al. 1978) . The S content in dialysed jellyfish material remained relatively high, indicating that not all sulphate was efficiently removed. In a preliminary experiment (data not shown) we dialysed the dried P. noctiluca homogenate according to the protocol described above (in 'Materials and methods') and extended the time of the processing to 5 d. The amount of S was on average 0.9% (± 0.0) and the δ 34 S values in P. noctiluca dialysed material were significantly lower (16.0 ‰ [± 0.3]) than in DM, approaching the values determined for net zooplankton (Peterson 1999) . The effect of prolonged dialysis time on material loss was not investigated; therefore, this protocol might influence the stable carbon and nitrogen composition of the dialysed jellyfish material. Nevertheless, our preliminary results suggest that despite high sulphate content in gelatinous organisms, stable S isotope might be applied to study the role of gelatinous plankton in trophic ecology, especially in shallow enclosed areas where the benthic source might be an important jellyfish food source (Pitt et al. 2008 ).
CONCLUSIONS AND RECOMMENDATIONS
The population size of gelatinous organisms is hypothesised to increase in the future if anthropogenic stressors such as nutrient inputs, overfishing, proliferation of coastal and offshore constructions and climate change will further change pelagic ecosystems worldwide (Purcell 2012) . Therefore, it is fundamental to determine the biomass of gelatinous producers to further estimate their impact on biogeochemical cycling and evaluate their role in food web functioning, both locally and globally. The advent of the first global database of gelatinous plankton abundance and distribution (JeDI; Condon et al. 2012 ) is an important step toward understanding the spatial and temporal patterns of jellyfish biomass, and the first successful estimate of global carbon biomass of gelatinous plankton and biomass has been recently published (Lucas et al. 2014) . Until now, the procedures for the determination of jellyfish biomass and biochemical composition have not been standardised. For this reason, when several datasets of jellyfish biomass are compared or combined, it is necessary to evaluate the historic data that were assessed according to a specific protocol and to implement a standardised sample processing in the future. The present study revealed that traditional methods of sample processing might affect the determination of C and N yields, such that a discrepancy of 1% per 10 salinity units in the biomass of gelatinous plankton (in terms of DM and C content) may arise if environmental salinity is not considered. Furthermore, the organic matter determined after combustion (AFDM) was overestimated by 51% (±13) on average, when compared to organic matter of dialysed medusae material. Such a discrepancy in the quantification of C stored in gelatinous biomass would lead to misinterpretation of the functioning and structure of food webs associated with jellyfish. An overestimation of jellyfish biomass could lead to an underestimation of the C available to small planktivorous fish and, especially in areas with extensive blooms and an absence of jellyfish predators, to an overestimation of the C that supports the microbial loop or sinks to the sea bed as the 'jelly-flux' . During the degradation of labile jellyfish material in the water column or on the sea floor, oxygen is consumed, and remineralization products are released that stimulate primary production. Consistent jellyfish-biomass estimates are therefore required to predict possible hypoxia events, to estimate the extent to which blooms may affect the benthic and pelagic community, and to implement effective precaution strategies.
Together these factors lead to the conclusion that uniform and standardised protocol for assessing the biomass and biochemical composition of gelatinous plankton is essential for understanding the means and the extent to which jellyfish blooms affect the trophic pathways in marine ecosystems, thus altering biogeochemical cycles. We hereby propose a preanalytical processing protocol for jellyfish according to each specific analysis:
(1) Quantification of organic material in jellyfish dry mass. As an effective alternative to AFDM for quantifying organic material in jellyfish dry mass we propose dialysis (Fig. 1, Step 3a) .
(2) Biochemical analysis. Protein-rich jellyfish tissue undergoes significant change as a result of ovendrying at 60°C; therefore, freeze-drying before any biochemical analysis is performed is recommended (Fig. 1, Step 2b) .
(3) Stable isotope analysis (SIA). Stable isotope composition should be determined in freeze-dried jellyfish, especially in the case of δ 15 N. Determining the δ 15 N of ovendried jellyfish material might lead to an incorrect estimation of its trophic position. It should be noted that preservation of samples in ethanol (Carabel et al. 2009 ) or freezing jellyfish for several months (Fleming et al. 2011 ) may affect the stable N composition of gelatinous organisms, and therefore analysis of fresh samples is highly recommended. When organic matter from different sources shares similar C and N isotopic composition, δ 34 S can be used as an additional element to determine its source. In this case, SIA should be performed in 2 steps: (1) the analytical technique enables determination of δ 15 N and δ 13 C simultaneously; therefore, we recommend determining the stable isotope ratio/ composition of these 2 elements at once in freezedried jellyfish biomass. (2) δ 34 S should be applied on dialysed jellyfish samples (see Step 1 'Quantification of organic material in jellyfish dry mass' above). The duration of dialysis might be prolonged to efficiently remove the sulphate from freeze-dried jellyfish, taking into consideration that increasing dialysis time might cause changes in the dialysed material and may lead to material loss. 
